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Claims 

1. Dry etching method characterized by the fact that, in the method for dry etching a film 
formed on a substrate material, the etching gas is a gas mixture containing a first gas containing 
an etchant of said film and a second gas containing the gas of the same component as that of the 
product of the reaction between said substrate material and the etchant. 

2. Dry etching method described in Claim 1 characterized by the following facts: said 
substrate material is any of single-crystal silicon, polysilicon, and amorphous silicon; said film is 
any of silicon oxide and silicon nitride; said etchant is any of carbon fluoride, 
chlorofluorocarbons, chloride, carbon trifluoride, nitrogen trifluoride, and sulfur hexafluoride; 
and the gas of the same component as said reaction product is silicon tetrafluoride. 

3. Dry etching method characterized by the fact that a fluorocarbon-based gas and silicon 
tetrafluoride gas are used for etching the silicon oxide film on a silicon substrate. 

4. Dry etching method described in Claim 3 characterized by the fact that a gas mixture 
of a fluorocarbon-based gas and silicon tetrafluoride gas is used for said etching. 
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5. Dry etching method described in Claim 3 characterized by the fact that said etching is 
first carried out with a fluorocarbon-based gas alone, and it is then carried out from the midway 
point with a gas mixture resulting from the addition of silicon tetrafluoride gas. 

Detailed explanation of the invention 
Industrial application field 

This invention pertains to a dry etching method. 

Prior art 

With the progress in developing smaller semiconductor devices in regard to the 
processing of semiconductor devices, there has been a high demand for high precision dry 
etching, as well as a high selectivity with respect to the substrate material. In particular, to etch a 
device on the submicron scale, that is, using a pattern size smaller than 1 \im, it is necessary to 
have a high selectivity with respect to the substrate material. 

Japanese Kokoku Patent No. Sho 59[1984]-46094 disclosed a method for etching with 
increased selectivity. In this method, during etching of a silicon oxide film on a substrate 
material made of silicon, the processing chamber contains silicon, molybdenum, tungsten, or the 
like that can absorb the fluorine radicals used to etch the silicon, the substrate material Due to 
the action of this material, the amount of fluorine radicals in the plasma is reduced and the 
silicon etching rate decreases, so that the selectivity is increased. 

Problems to be solved by the invention 

However, in the aforementioned prior art, no consideration is given to the etching rate of 
silicon oxide as the film to be etched. The fluorine radicals used to etch silicon can also etch 
silicon oxide. Consequently, as the amount of the fluorine radicals decreases, the etching rate of 
silicon oxide also decreases. This is a problem. 

The purpose of this invention is to provide a dry etching method in which etching can be 
performed with a high selectivity and at a high rate. 

Means to solve the problems 

The aforementioned purpose is realized by using as the etching gas a gas mixture of a 
first gas containing the etchant for the film formed on the substrate material and a second gas 
containing the gas of the same component as that of the product of the reaction between the 
substrate material and the etchant. 



Operation 

The film formed on the substrate material can be etched at a high rate by the first gas 
containing the etchant. As the etching progresses and the substrate material becomes visible, a 
reaction between the etchant and the substrate material forms a reaction product. At the same 
time, the second gas containing a gas of the same component as that of the reaction product and 
fed at the same time is also fed to the substrate material surface, and the concentration of the 
reaction product component on the substrate material surface increases. Consequently, the rate at 
which the substrate material is etched decreases, and a high selectivity can be realized. 



Application examples 

In the following, an application example of this invention will be explained. 

As the etching device, in this case, a cathode-coupling type cassette dry etching device 
making use of an RF discharge at a frequency of 13.56 MHz is used, and a single-crystal silicon 
substrate is used as the substrate material. The silicon oxide film patterned with a photoresist on 
the substrate is etched. 

As the etching gas, a gas mixture of C 2 F 6 as the first gas containing the etchant of the 
film, and SiF 4 as the second gas containing the component of the product of the reaction between 
the substrate material and the etchant was used. The total flow rate was 100 cm /sec. In this case, 
the first gas itself is the etchant, while the second gas is the component of the reaction product. 
The other conditions include a pressure of 0.1 Torr and an RF power density of 2.5 W/cm {,lleglble] . 

Under these conditions, with different mixing ratios of C2F 6 as the etchant gas and SiF 4 , 
the etching rates for silicon oxide as the film to be etched and silicon as the substrate material, as 
well as the selectivity of silicon and silicon oxide (etching rate of silicon oxide/etching rate of 
silicon) were measured; the results are listed in Table 1. 
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4 Silicon oxide 

5 Silicon 

6 Selectivity 

As the reaction product component gas, that is, SiF 4 , is increased, compared with case 1 
in which SiF 4 is not added, in case 2 the etching rate of silicon oxide decreases by only 8%, 
while the selectivity increases by more than 60%. In case 3, while the etching rate for silicon 
oxide decreases by 32%, the selectivity rises by 260%. That is, it is possible to increase the 
selectivity significantly without a significant decrease in the high etching rate of silicon oxide. 

The reason is believed to be as follows. Plasma F* of C 2 F 6 as a silicon oxide etchant also 
etches the silicon in the substrate material. In the reaction with silicon and F*, SiF 4 is formed as a 
volatile reaction product. Conventionally, however, when the system is evacuated, SiF 4 is 
gradually exhausted, so that further reaction between silicon and F* takes place, and silicon is 
etched off gradually. Consequently, a high selectivity cannot be realized. Now, in this invention, 
SiF 4 , as the reaction product between silicon and F* is fed instead of exhausted. Consequently, 
the concentration of SiF 4 at the reaction interface between silicon and F* increases, and the 
reaction does not progress significantly. As a result, the selectivity is increased. 

Also, the significant decrease in the etching rate of silicon when the flow rate of SiF 4 is 
increased indicates that the etching rate of silicon depends on the reaction, and an increase in the 
concentration of SiF 4 at the reaction interface inhibits the reaction. On the other hand, when the 
flow rate of SiF 4 is increased, there is a certain decrease in the etching rate of silicon oxide.. This 
indicates that although the etching rate of silicon oxide is affected by the concentration of SiF 4 at 
the reaction interface, the reaction rate depends on the energy for cleaving the inter-atomic 
bonds. Consequently, the influence of the concentration of SiF 4 is not as significant as that for 
silicon. 

In another etching experiment, a gas mixture of CHF 3 and C 2 F 6 was used as the first gas, 
and SiF 4 was used as the second gas. The total flow rate was 100 cm 3 /sec. While the flow rate of 
CHF 3 was fixed at 20 cm 3 /sec, the flow rates of C2F6 and SiF 4 were changed under the same 
conditions mentioned above. The results of the etching operation are listed in Table 2. 
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Table 2 
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It can be seen that, compared with case 4 when SiF4 is not added, when SiF4 is increased, 
it is possible to increase the selectivity significantly while maintaining a high etching rate for 
silicon oxide. For example, in case 5, the etching rate of silicon oxide decreases by only 10.4%, 
while the selectivity rises by 64%. In case 6, while the etching rate of silicon oxide decreases by 
19%, the selectivity rises by 218%. 

As can be seen from the application example described above, by adding a gas of the 
same component as that of the product of the reaction between silicon as the substrate material 
and the etchant into the etchant gas containing the etchant for silicon oxide, it is possible to 
effectively inhibit the reaction with silicon alone. Consequently, it is possible to perform etching 
at a high selectivity. 

Also, the following cases are included in the range of this invention, although the specific 
functions and effects are different from each other. 

(1) The case when silicon nitride film is the material to be etched (the major etchants for 
silicon nitride include fluorine radicals and chlorine radicals), and the case when a laminated 
film of silicon oxide and silicon nitride is to be etched. 

(2) The case when the substrate material also includes polysilicon or amorphous silicon, 
in addition to single-crystal silicon. 

(3) The case when the etchant of the film is not limited to C2F6, and also includes carbon 
fluoride, sulfur hexafluoride, and nitrogen trifluoride (all of which generate fluorine radicals). 

(4) The case when chlorofluorocarbons in which the fluorine is substituted with chlorine 
(the principal etchants for silicon oxide and silicon nitride include fluorine radicals and chlorine 
radicals; the products of the reaction between the etchants and silicon include silicon 
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tetrafluoride, silicon tetrachloride, and silicon fluorochloride), or carbon trifluoride in which the 
is partislly substituted with hydrogen is used. 

(5) The case when the plasma generating means include AC discharge (including RF 
discharge), DC discharge, microwave discharge, or a combination of these forms of discharge. 

Also, feeding of the gas of the same component as that of the product of the reaction 
between the etchant and the substrate material may be performed by feeding together with the 
etchant gas at the beginning, or by feeding the etchant gas alone at first and then together with 
the gas of the same component as that of the reaction product after the etching processing has 
progressed to a certain degree. In the latter case, it is possible to alleviate the decrease in the 
etching rate of the film to be etched. 

Also, when the substrate material is Si while the etching material is S1O2, by adding SiF4 
as the gas having the same component as that of the reaction product to CHF3, an etchant 
favoring increase in the selectivity, it is possible to further increase the selectivity. 

In addition, when the substrate material is Al and the etching film is SiCb, by adding 
AICI3 as the gas of the same component as that of the reaction product to C2F 6 as the etchant, it is 
also possible to increase the selectivity of Si0 2 with respect to Al just as in the application 
example described above. 

Effect of the invention 

This invention has the effect of allowing etching with a high selectivity and at a high rate. 
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